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(57) ABSTRACT

The present invention provides a method for removing burrs
of battery electrode plates using inductively coupled plasma
(ICP) dry etching, in which an induction coil is used for
ionizing reaction gas. A DC bias is applied to accelerate the
ionized reaction gas to bombard the burrs of electrode plate,
removing burrs that formed in machining processes using
physical bombardment. The equipment used in the present
invention is an ICP etch system. The method according to the
present invention can completely remove the burrs of elec-
trode plate, thereby effectively preventing short circuits
caused by burrs penetrating the membrane separator in the
battery.

2 Claims, 2 Drawing Sheets
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1
METHOD FOR REMOVING BURRS OF
BATTERY ELECTRODE PLATES BY
INDUCTIVELY COUPLED PLASMA DRY
ETCHING

CROSS REFERENCE TO RELATED PATENT
APPLICATION

The present application claims the priority of Chinese
patent application No. 2012102875278 filed on Aug. 13,
2012.

FIELD OF THE INVENTION

The present invention relates to a method for etching burrs
of battery electrode plates, particularly a method for dry
etching burrs of battery electrodes using inductively coupled
plasma (ICP).

BACKGROUND INFORMATION

In recent years, with the widespread use of mobile devices
such as laptop computers, smart phones, cameras and other
portable electronics, the need for high energy-density batter-
ies becomes increasingly important.

In the present technology, a battery comprises a positive
electrode plate, a negative electrode plate, electrolyte, and
two membrane separators for preventing electronic contact of
the electrodes. In the machining process, it is easy to form
burrs on the electrode plates. It is probable that the burrs
penetrate the membrane separator when the battery elements
are wrapped and stacked and this gives rise to an internal short
circuit. The burrs generated on the edge of the battery case
may also come off to cause an external short circuit between
the battery case and the lid (sealing plate), thereby causing a
voltage drop. Therefore, the electrode burrs greatly affect the
quality and performance of batteries.

To date, several methods have been proposed to deburr the
electrodes using chemical or mechanical methods. Wang et
al. described in their patent a method for removing burrs of
electrode plates by passing the electrode plates through rotat-
ing rolls on a conveyer belt to flatten the burrs. This technique
essentially applies suitable pressure on the edge of electrode
plates to virtually eliminate burrs. However, this mechanical
method only blunts the burrs without completely eliminating
them, so it has many limits in removing the burrs resulted
from the cutting of battery electrode plates.

Guo et al. described another technique which employs a
chemical reaction of alkaline substance with aluminum to
remove the burrs of the negative electrode plate. However,
this chemical method has a serious corrosion effect as part of
the surface of the electrode is etched. The small burrs cannot
be completely eliminated. Also, when coiled material is pro-
cessed using this method, undesirable contamination may
take place due to capillary action, degrading the quality of
batteries.

ICP dry etching is a method in which material is etched by
ion bombardment and reaction with reactive gas in the
plasma. This method has excellent anisotropy, convenient
operation, low cost and high etching rate.

SUMMARY OF THE INVENTION

The present invention relates to a method for removing
burrs of electrode plates, specifically using inductively
coupled plasma to etch metal burrs. Plasma is directed and
accelerated by an inductive magnetic field. Plasma bombards
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the surface of battery electrode plates, knocking away metal
atoms that form the burrs. In addition, accompanied by ion
bombardment, the chemical reaction between the reactive gas
and the metal burrs on the edge of battery electrode plates is
accelerated.

The method according to the present invention is a dry
etching method to remove burrs of battery electrode plates
using ICP, where a magnetic field is generated by an induction
coil. The metal burrs are etched by physical bombardment of
the ionized gas driven by a DC bias. Also, the present inno-
vation has the advantage of etching burrs in targeted areas of
coiled structures with controlled time.

The method according to the present invention removes
burrs of electrode plates in an ICP etch system. Electrode
plates are placed into the etch zone under the plasma source.
Reaction gas is ionized in the magnetic field generated using
an induction coil. lonized gas is charged and more chemically
reactive. The speed and direction of the reaction gas is con-
trolled by a DC bias, which is applied between the source of
reaction gas and the etch zone. The present invention utilizes
accelerated plasma to bombard the burrs on the electrode.
Meanwhile, excited, ionized gas can react with metal. The
burrs are more chemically reactive compared to oxide-cov-
ered metal surface of the electrode, therefore chemical reac-
tion removes the burrs first while the rest of the electrode
surface remains intact.

According to the present invention, process parameters
such as bias power, gas pressure, and etch time may be
adjusted based on the material of the electrode plate. The
material includes, but is not limited to, most metals such as
aluminum, iron and gold, semiconductors such as gallium
nitride and gallium nitride, and dielectric material such as
silicon oxide and silicon nitride, etc. The etch depth using ICP
can be 0.1 mm-3 mm. These process parameters are set as
follows:

Chamber pressure: 5-15 Pa, ICP power: 80-250 W, DC
bias: 5-750 V, plasma frequency: 13-14 MHz, flow ratio of
chlorine to boron trichloride 8:1, etch time: 1-10 minutes.

The present invention provides a method for completely
removing burrs of electrode plates. Compared to current tech-
nology, the method according to the present invention is more
efficient than the mechanical method, which only blunts the
burrs. The etching process in the present invention does not
corrode the electrode surface as in the chemical method,
thereby preventing short circuits caused by burrs penetrating
the separator without affecting battery performance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a battery according to the
present technology.

FIG. 2a illustrates ions bombarding the edge of the elec-
trode plate.

FIG. 25 illustrates the electrode plate after dry etching.

FIG. 2¢ presents a view of the electrode plate with burrs as
seen from the edge of the electrode plate.

FIG. 3 is a side view of the coiled structure to be deburred

FIG. 4 is a microscope image of coiled electrode plate with
burrs

FIG. 5 is a microscope image of coiled electrode plate after
dry etching.

DETAILED DESCRIPTION OF THE INVENTION

Burrs usually occur when machining metal electrodes,
especially during cutting, blanking, and milling. A schematic
of electrode burrs 5 is shown in FIG. 1. A battery comprises a
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positive electrode plate 1, a negative electrode plate 4, elec-
trolyte 3, and two membrane separators 2 for preventing
electronic contact of the electrodes. If burrs 5 penetrate the
membrane separator 2 when the battery elements are wrapped
and stacked, this gives rise to an internal short circuit. In order
to prevent this, a process of removing the electrode burrs 5
(any unwanted thin wire or raised portion on the electrode
surface) is necessary.

According to the present invention, the electrode is pro-
cessed in an ICP etching system. Process parameters for
etching have to be chosen based on the material and thickness
of the electrode. The electrode plate is placed on the sample
platter of the ICP etching system. Once chamber pressure is
stabilized, reaction gas is ionized. The ionized plasma 3 bom-
bards the electrode plate from the vertical direction, i.e. par-
allel to the plate, thereby removing the burrs 1 without affect-
ing the rest of the plate (FIG. 2a). In addition, the plasma
chemically reacts with the surface of the electrode plate.
Since the burrs are more chemically reactive compared to
oxide-covered metal surface of the electrode, the chemical
reaction removes the burrs while the rest of the electrode
surface remains intact.

FIG. 3 provides a side view of an electrode to be debarred.
This electrode is a coiled metal foil, which is placed vertically
on the sample platter of the ICP etch system. Ionized reaction
gas bombards the edge of the electrode, eliminating burrs.
This embodiment only provides one way of placing the elec-
trode plate on the sample platter; in practice, there are a
number of ways to place samples as long as the pointing
direction of the burrs is perpendicular to the direction of
plasma bombardment.

FIG. 4 and FIG. 5 are optical microscope images of a coiled

aluminum foil with burrs before and after etching. In this
example, the thickness of the aluminum foil was 0.1 mm. The
foil was rolled into a cylinder shape, and placed on the sample
platter vertically to ensure that the pointing direction of the
burrs is perpendicular to the direction of plasma bombard-
ment. The process parameters are as follows:
Chamber pressure: 10+0.5 Pa, ICP power: 150+2 W, DC bias:
705V, plasma frequency: 13 MHz, flow ratio of chlorine to
boron trichloride: 8:1; etch time: 3x£0.5 min. The ICP etch
system used in the present invention: Oxford Instrument Plas-
malab System 100.
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The process parameters listed above were used specifically
for the 0.1 mm thick aluminum foil. They are not intended to
limit the scope of the present invention. The parameters need
to be adjusted based on the material and thickness of the
electrode for best results.

The present invention provides a method to effectively
remove burrs of electrode plates. This method is easy to
operate, efficient, and ensures the quality of batteries subse-
quently manufactured using the processed electrode.

What is claimed is:

1. A method for using inductively coupled plasma dry
(ICP) etching to remove burrs of battery electrode plate com-
prising:

step 1, preparing ICP etch system which includes an induc-

tion coil used for ionizing reaction gas and a sample
platter;

step 2, setting etching process parameters according to the

material and thickness of the battery electrode plate, the
process parameters are selected within a range compris-
ing:
chamber pressure 5-15 Pa, ICP power 80-250 W, DC bias
5-750 V, plasma frequency 13-14 MHz, flow ratio of
chlorine to boron trichloride 8:1, etch time 1-10 minutes;

step 3, putting the battery electrode plate with coiled metal
foil on the sample platter vertically to exposure burrs to
the ionized reaction gas;

step 4, an applied DC bias accelerates the ionized reaction

gas to bombard the burrs of the battery electrode plate, to
remove the burrs;

the battery electrode plate consisting of aluminum, iron,

gold, silicon oxide, silicon nitride and semiconductors;
and

the battery electrode plate is 0.1 mm-3 mm thickness.

2. The method according to claim 1, wherein an aluminum
battery electrode plate with 0.1 mm thickness is etched by
using following process parameters: chamber pressure
10£0.5 Pa, ICP power 150+2 W, DC bias: 70+£5 V, plasma
frequency 13 MHz, flow ratio of chlorine to boron trichloride
8:1; etch time 3+0.5 min.
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